COVER IMAGE Map courtesy of Eva Kassens; data courtesy of World Resources Institute, 2005. This map shows CO 2 emissions by transport as a percentage of emissions. The more grey the continent, the higher the CO 2 transport emissions in relation to total emission of that continent; the more greeen the continent, the lower the CO 2 transport emissions in relation to total emission of that continent. 
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Scenario Analysis Helps Identify Sustainable Land Use and Transportation Policies
Metropolitan areas across the country stand at an important transition point as development patterns that prevailed for the past half century come under intense public scrutiny. Congestion, pollution, competition for water, infrastructure funding shortfalls, global economic trends and concerns about energy sustainability and climate change all come together with unprecedented demographic changes resulting from the aging of the baby boomer generation (see for example Ewing, Bartholomew, Winkleman, Walters and Chen, 2007; Nelson, 2006; Puentes, 2008; Regional Plan Association, 2006; Richie, 2001 ; ULI-The Urban Land Institute and Ernst & Young, 2008) . The metropolis as we know it is changing.
Cognizant of these forces, the Denver Regional Council of Governments (DRCOG) conducted a comprehensive scenario analysis as part of the recent update to Metro Vision, the region's longrange plan for growth and development (Denver Regional Council of Governments, 2007) . Since its initial adoption in 1997, Metro Vision has promoted sustainable growth through policies such as an urban growth boundary (UGB), support for higher-density, mixed-use urban centers and the development of a balanced, multi-modal transportation system.
Scenario analyses are used widely in the private sector to prepare for future contingencies beyond organizational control (Smith, 2007) . By contrast, the public sector typically uses scenarios to decide how best to influence the future, incorporating stakeholder input and values (Avin, 2007) . Over the past 20 years, land use-transportation scenario analyses have become increasingly common in regional planning and often explore the potential benefits of increased density. A recent review of 80 scenario analyses from more than 50 U.S. metropolitan areas (Bartholomew, 2007) found that a median density increase of 11% was associated with median decreases of 2.3% in vehicle miles traveled (VMT) and 2.1% in NOx emissions. Similarly, a study of alternative development futures for 11 major metropolitan areas in the Midwestern U.S. concluded that a 10% increase in density would result in a 3.5% reduction in VMT and associated emissions (Stone, Mednick, Holloway & Spack, 2007) . Bartholomew (2007) criticizes many of these previous efforts, however, for being disconnected from the planning process and not leading to concrete action or implementation steps.
DRCOG's scenario analysis, in contrast, was directly connected with the Metro Vision planning process and focused on the agency's two main areas of influence: the allocation of transportation funds and the extent of urban development ( Figure 1 ). On the transportation side, scenarios ranged from an emphasis on roadway improvements to an emphasis on transit improvements. On the land use side, scenarios ranged between compact and expansive development patterns. All scenarios included the build-out of FasTracks, the taxpayer-funded plan to build 120 new miles of rapid transit throughout the Denver region by 2016 (Regional Transportation District, 2004) . DRCOG developed the scenarios by starting with the then-current Metro Vision 2030
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plan, extending the horizon to 2035 and examining changes to the UGB, fiscally constrained roadway and transit networks, and pricing of driving versus taking transit. Table 1 describes the specific parameters associated with each scenario.
Scenario Outcomes
We evaluated the performance of each scenario on 12 outcome measures reflecting conditions in 2035 ( Table 2 ). The measures relate to Metro Vision policy goals, and are broadly grouped into land use, transportation, and environment. DRCOG's land use model (Denver Regional Council of Governments, 2008) produced the land use measures. The model allocates jobs and households to transportation analysis zones based on each zone's utility (attractiveness) and capacity to accommodate growth. Zone utilities and capacities were adjusted to reflect each scenario's land use assumptions. We then used output from the land use model to calculate cost-and water-related measures based on the assumptions in Table 3 , derived from previous research (Denver Regional Council of Governments, 2006; Guimond & Arbogast, 1995; Mullen, 2005; Nelson 2004 ). The land use model also provided input to DRCOG's four-step travel demand model (Denver Regional Council of Governments, 2005) , which produced the transportation measures. The model's roadway and transit networks, as well as user costs for each mode, were modified to reflect the transportation assumptions of each scenario. The travel model in turn provided input to the latest EPA air pollution emission model, MOBILE6 (U.S. Environmental Protection Agency, 2008), which produced the air quality measure.
Figures 2 through 4 graphically compare the scenario outcomes. These figures display each outcome measured along one of the "spokes" of the diagram. 1 Results covering a larger area of the diagram reflect better (more desirable) outcomes. Figure 2 compares the scenarios that varied along the land use dimension, and shows that the most compact scenario (A) produced the best outcomes. Figure 3 shows that the additional highway capacity in Scenario D resulted in less congestion, but also more driving, less transit use, and greater pollution than Scenario B. Figure 4 shows that the additional transit capacity in Scenario E resulted in only marginally better outcomes compared to Scenario A. This result suggests that FasTracks will go a long way toward meeting the region's transit needs, with only minimal benefit derived from the additional Figure 4 also shows, however, that the inclusion of transitfavorable pricing in Scenario F resulted in a more dramatic shift toward desirable outcomes. In fact, Scenario F performed best of all the scenarios in the analysis. This result indicates that travel behavior is sensitive to pricing and that transit-favorable pricing can result in increased transit use and the related benefits of less congestion and pollution.
Limitations
Many of the assumptions underlying the outcome measures are based on observations of past trends and behavior. It is uncertain how valid these assumptions are when considering unprecedented changes, such as the dramatic shift the in cost of driving versus taking transit in Scenario F. Furthermore, traditional four-step travel demand models like DRCOG's deal only indirectly with non-motorized trips and do not capture the effect of fine-grained land use patterns such as mix of use and walkability (Cervero, 2006) . Our analysis may therefore have underestimated the impact of compact development patterns and transit investments on the use of alternative modes and the related benefits for regional sustainability. DRCOG is currently developing a disaggregate activity-based model that will address some of these shortcomings (Sabina and Rossi, 2008) .
Conclusions
DRCOG's scenario analysis is consistent with other analyses indicating the benefits of compact 
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